ABstrACt. Social interactions of a small population of maned wolves in Parque Nacional Noel Kempff Mercado, Bolivia, were studied by radio telemetry for over eight years. Reproductive pairs co-occupied exclusive territories. Outside of reproductive periods, members of adult pairs on a territory rarely traveled together or met for long enough to be recorded by hourly GPS fixes. An exception was a young pair that met on 55% of all days during three months, traveling together for an average of 7.6 hours when they met. Members of family groups with young often met or interacted vocally. Two young females remained on the natal territory with the parents as presumed "helpers" and inherited the territory upon the death of their mothers. Another female helper was replaced by a younger one, and we recorded only single female helpers. Young males and other females seemed to emigrate when over a year old. Females were the holders of territories into which males moved to form pairs and possibly females are the dominant sex.
IntROduCtIOn
The first important account of maned wolf social behavior was by Dietz (1984) , who combined radio telemetry of free-living animals in Brazil with observations of captive animals in large enclosures at the National Zoological Park (Smithsonian). He described maned wolves (MW) as monogamous canids in which reproductive pairs share territories but seldom meet during their activities (Dietz, 1984) . In the next two decades, Dietz' conclusions were generally confirmed by vHF telemetry studies, but without additional insights on maned wolf social organization (Jácomo et al., 2009; Juarez and Marinho-Filho, 2002; Rodrigues, 2002) . More recently, a GPS telemetry study contributed the first data on in situ interindividual interactions (Melo et al., 2007) . For six months, Melo et al. followed a single pair and a young female that shared the same home range while the pair raised a litter (Melo et al., 2007) . Subsequently, they observed care of young in situ (Melo et al., 2009) .
We studied the behavioral ecology of MW for nine years on a small savanna in undisturbed, flood-prone habitat in Noel Kempff Mercado National Park (NKP), Bolivia. Our goals were to learn how free-living MW interact with each other at different stages of their lives and to fit their social organization into the vista of their ecology and conservation. We began by following MW on foot with vHS telemetry but later switched to GPS telemetry, which allowed us to follow pairs simultaneously throughout nearly all months of the year, and to follow a few individuals for most of their lives.
GPS telemetry produces accurate and objective arrays of location points (fixes) on a geographic information system (GIS) map. When we followed a focal maned wolf on foot, triangulating with vHF telemetry, our location data were imprecise, but we took coordinates all night and knew from their signals the proximities of other collared individuals. By physically following them across the landscape in real time, hearing their calls, and once in a while glimpsing them, we gained different insights into their behaviors and interactions than those that can be extrapolated from GPS locations mapped months after the events.
MaTerials and MeThods

Study Site and Field Methods
We followed MW by radio telemetry from October 2001 to October 2011, in the small Los Fierros savanna of NKP. The climate and habitats of the study area, and trapping and handling methods for MW, are described in Chapter 1. The key feature of the habitat is that much of the savanna is flood prone from late January to May. The northern part ("termite" savanna) floods with shallow water, and the southern part ("bajío") fills with water too deep for MW to occupy at that season (Chapter 1) and takes longer to dry. In a seasonal reverse, no surface water may be available on the northern savanna from mid-August to October, when water becomes a strong attractor for MW (Chapters 2, 3). The vegetation is dense, and we rarely saw the animals. To monitor marked and unmarked individuals, we set camera traps at water holes and along roads. For field and photo recognition, telemetry collars and ear tags were marked with colored reflective tape (Frontispiece).
All adults and subadults over 20 kg in mass were fitted with radio collars, for a total of 28 collar deployments on 10 individuals (Chapter 1, Table 1 adult resident M2 and subadults M4 and F3, and to six nights in October-November 2005, when we followed M8 (Mx, males; Fx, females). We used vHF signals to locate MW throughout the study: on foot, from vehicle roof, or by climbing trees; and we chartered light aircraft to search for missing signals. When we followed MW on foot, we kept silent, well out of sight, and behind them, so as to avoid influencing their behavior. If one was near, we turned off our light and sat still until it moved away. We attempted to follow vHF-tagged animals for complete nights, with three bearings taken for a fix each 20 min, as close in time as we were able to (sit for 10 min, take bearings 10 min, etc.), but when they traveled, we walked continuously to keep up, taking bearings each 100 or 200 m. Meetings between vHF-collared animals were defined as distances of <100 m between locations (as with GPS data), but we could also identify them in real time, when we noted bearings of collar frequencies converge until the bearings coincided, with equal signal amplitude.
We quantified calling behavior as we followed MW on foot, by noting the numbers of calls, the bearings of calls and answering calls; and the identities of callers from vHF collar frequencies. Calls of young were recognizable by their higher pitch, and to us, several MW had clearly distinguishable voices, although we did not use this for identification without confirmation from associated radio frequencies.
The GPS collars were programmed to take synchronous locations for all collared individuals. To explore movements in detail, the first three GPS deployments took fixes half-hourly, except around midday (2003) (2004) . After 2005, all collars were scheduled to take hourly fixes, in three-night weekly samples. Early collars were shut off around midday to save battery life, but recent improved technology has permitted complete, 72 hour (72 fix) weekly samples. Functioning collars with the latter schedules took from 10 to 14 months of data. Repeated GPS collar failures prevented the success of many attempts to get complete reproductive behavior of pairs. Study animals were recaptured approximately yearly and the collars exchanged, and each discontinuous collar deployment is treated as one data set. Collar deployments and schedules are listed in Chapter 1 (Table 1. 3).
We captured six immature animals, all in September and October. It was difficult to estimate the exact ages of these "subadults," which were characterized by lack of tooth wear, small size, and nonreproductive state, as well as by subjective traits (high pitch of barks, lack of odor, slender build, and timid behavior). With a growth curve generated from captive bred animals (Smithsonian Conservation Biology Institute; M. Rodden, pers. comm.), we interpolated the weights of the six youngsters, and backdated them to estimated birth months. At 17-24 kg, with full dentition (achieved at 7-8 months; Maned Wolf Species Survival Plan, 2007), these young corresponded in weight to 7-10 months-old ex situ youngsters. Other evidence, including dates of sightings of pups (3-4 months old), condition of the presumed mother, and slightly more tooth wear, suggested that the two heaviest youngsters were older than predicted by body weight alone (thinner than same-age captives), likely 14-18 months.
Data Analysis
With simultaneous GPS locations, we measured the proximity between pairs of animals at each fix time. We classify an interanimal distance of <100 m as an encounter (meeting), so as to capture a time window when animals were moving together or apart. From the average maned wolf movement rate between hourly fixes (Chapter 2), 100 m represents only 6.3 min (Table 5 .1) or 3.2 min from a contact between two MW to a separation of 100 m if they go in opposite directions. Only encounters of longer than the interfix interval (30 or 60 min) were certain to be recorded. Because the duration of an encounter could be measured only in increments longer than an interfix interval, averages of time spent together were by definition averages of the minimum time animals were in proximity (if animals were together 1.8 hours, hourly fixes would show them as together for one hour).
To compare the proximity of maned wolf pairs to that expected from a random distribution of points for each data set of a male-female pair tracked synchronously, the temporal order of the actual locations of each animal was randomized, by randomizing the sequence number of each fix (fix ids), pasting it into the data set, and resorting it into numerical order. The distances between the two location sets were measured in the order that they were in after randomization (distance from fix 1 to fix 1, 2 to 2, . . . , N in each set). Using the same locations inserts a possible bias into the data, because animals might preferentially use particular areas of the home range because the other animal was likely to be present. For comparison, we also generated two shapefiles of random points within the home range polygon of each data set, each with the same number of points as there were synchronous acquired fixes for the pair. We then measured the distances between the two sets of random points. Because use of the home range is highly nonuniform (50% of fixes are in 20% of the area; Table 3 .1, Chapter 3), the degree of "random" proximity is much less by this method (because the fixes are distributed on the whole home range, rather than concentrated as the animals actually used it). The first method is the most likely to overestimate random encounters and therefore is a more stringent comparison, and we use it below.
RESuLtS
pair ForMaTion and TerriTory aCquisiTion
We followed one or both members of five resident adult pair combinations by GPS telemetry, but we acquired tABLe 5.1. Adult resident pairs for which synchronous GPS data sets were acquired, with dates, number of acquired synchronous fixes for the pair, schedules of collars, the average distance that females moved between successive fixes while active in those data sets, and the size of the home range during those data sets. Collars of F11 and M8 were not well synchronized, that of F11 took fixes only from 1600 to 1000 hours on the following date for part of the set. Here n/a, not applicable. (Figures 5.1, 5. 3). Thus, in one case on each range, one female young stayed on the natal territory until adulthood, as a nonbreeder, and when the adult female on that range died, she became the territorial resident, paired with a male from outside the range. Males moved into the territories where females were established on three occasions, but in the first case, the female also eventually expanded her own territory to encompass his former range as well as her own ( F3 and M5 met on 55% of all nights, when they traveled together for long distances, for an average minimum of 7.6 hours spent together when they met (Table 5. 2A, Figures 5.4, 5.5) . The nights when they met were distributed across the three month sample. Their relative movement patterns showed that either F3 or M5 could deviate from a previous course to join that of the other. Before meeting, one would occasionally follow the other's exact path with a 30 min delay (the time between fixes), consistent with tracking by scent trail. The most common pattern of encounters (23 nights) was for the pair to meet late in the night and travel tightly together for some hours until after dawn, when they separated each to its own rest site (bed) at 0700-0800 hours ( Figure 5 .6). Thrice they spent 22-24 hours together, and on 9 days they bedded together ≤25 m apart (within the error of the GPS fixes). On seven other days they rested <100 m apart, but on most days (80 others), beds were far apart (2.46 km overall average).
Distance between
After 2005, F3-M5 rarely were recorded meeting or traveling together outside of the period of estrus and pregnancy ( Figure 5 .4B). Likewise, pairs F3-M8 and F11-M8 scarcely met and never traveled together during the months when they were followed (Table 5 .2D, E). Of the six meetings of F3-M5 in 2007, three were for single fixes and three for two fixes, or over an hour, and the two encounters (at <300 m) of F11-M8 were for single fixes of probability no greater than random (Table 5 .2). In a different pattern, F3-M8 registered no fixes <100 m apart during late pregnancy and lactation (16 July 2008 to 18 September 2008), although they were often <300 m apart (Table 5 .2D,E). After loss of their litter, they met on 5 days: on two of these, they bedded <100 m apart, and on one, they traveled near each other for about 3 hours.
We watched, from a blind at a water hole, F3 meet M5 for 10 minutes, and we saw F3 there three times that night. However, GPS fixes registered the closest pair proximity as 321 m, and no fix was at the water hole. The 100 m, proximity/time window that we define as encounters (see methods), strongly biases our recognition of proximity in favor of long meetings, but longer distances between maned wolf locations, of 100-300 m and 300-1000 m, occur at the tABLe 5.3. Frequency and duration of encounters of pair F3-M5, and the mean minimum time they were together if they met. In 2007, no fixes were <100 m apart, so <300 m is used as the criterion for meeting (weak/no evidence of association). For data set B we use calendar days instead of nights, because samples started and ended at 0000 hours because of a factory programming error (two whole and two half nights). same frequencies in both actual and some random data sets (Table 5 .2C, D), so we cannot justify expanding our definition to classify larger separations as "meetings."
Percent
FaMily-Group soCial inTeraCTions
Because we followed vHF-tagged animals nearly continuously, we were able to identify short meetings between MW with greater success than with hourly GPS fixes. Most of our on-foot vHF following was of members of a single family group, adult male M2 and subadults F3 and M4 of the North Range. At that time this group also included an unmarked adult female and a male littermate of M4. These MW met often, and each encountered all others (Table 5 .4). We were never aware of agonistic interactions, heard no growling, nor noted MW chasing each other. There were more encounters between subadults F3 (N = 13) and M4 (N = 12) and others than between adult M2 and others (N = 9), but as F3 and M4 shared a smaller home range, they were more likely to meet. As the subadults aged, recorded meetings decreased (Table 5.4) .
We saw a meeting of adults F3-M5 (from a blind), then paired for two years. Male M5 approached to 15 m behind F3 when she was at the water hole. She turned and walked toward M5, and as she approached, he lay down flat to the ground on his sternum, head down. As she reached him, M5 rolled onto his back, belly-up, while F3 stood straddling him, with her tail up, for several minutes. In this position, the pair played briefly by sparring with their mouths, calling with high-pitched whines. The posture of M5 was the classic canid "passive submission" display, linked with the classic "dominance" stance of F3 (Ewer, 1973) .
roar-bark voCalizaTions
MW communicate with explosive, deep-throated "roar-barks" (Kleiman, 1972) audible to us for hundreds Hour of meters but to MW perhaps across a home range. Most roar-barks occurred at night, when MW are most active (Chapter 2) and sound travels best in humid air, but once in a while, we heard barks by day (not quantified). Barks are given singly or in irregularly spaced series of up to 30, spaced 2-8 s or more apart (Dietz, 1984; Kleiman, 1972) . Wide spacing of calls permits listening for replies, and our subjective impression was that callers often waited for a reply before calling again, thus alternating calls (Table  5 .5). From October 2001 to February 2003, when two or three adults and two or three young were present, other MW answered in 31% of 110 calling bouts. Often, more than one answered, such that roar-barking was a group activity. Countercalling MW sometimes approached each other.
When three of at least five MW on North Range 1 were identifiable by telemetry (M2, M4, F3), 21% of 82 calling bouts were answered (Table 5 .6). Subadult F3 both initiated and answered more calling bouts than did other known individuals. If M4 and his unmarked littermate brother initiated/answered equal numbers of calling bouts (13/2), then the unmarked reproductive female may have initiated the remaining 20 bouts, equivalent to F3. This hypothesis is supported by the scarcity of replies from unknown MW, if an unknown maned wolf initiated calling (we knew of only one unmarked male juvenile who could have answered). In September-October 2003, when there were no young on North Range 1, and the former reproductive female had disappeared, we noted no roarbarks during 6 nights of on-foot telemetry of F3 and M2. When we observed most of the tabulated calling behavior, the family group was far from a territorial boundary with other MW (3.5 km), and answering calls did not come from outside the territory. We never heard with certainty any countercalling between neighboring territories, but we cannot exclude it, as we could not localize far-distant calls.
There was a calling-fest of 37 roar-bark bouts on 4 November 2005, as we followed M8 all night on foot (South Range). A minimum of 6 MW were known to be on South Range at that time (M8, subadult F7, geriatric M6, at least two young pups, and presumably, their mother). Sixteen bouts were answered with countercalls from within the South Range: at least six were initiated by M8, three of these answered by a (high-voiced) pup; at least three were initiated by a pup, two of which were answered by M8; four bouts included at least three MW. M8 once approached a caller, another caller once approached M8 (countercalling until they were at the same bearing), and after hearing many roar-barks from a maned wolf that was following M8, we saw a three-to four-months-old pup trailing 100 m behind him. Barking was so frequent that it was hard to define discrete bouts or to decide which MW had initiated them. Barking was almost as frequent on the following two nights.
reproduCTive behavior and seasonaliTy
We followed female F3 throughout her reproductive life (Tables 5.7, 5.8 GPS telemetry recorded an estrous period. In three weekly samples from 7 to 23 April 2006, F3 and M5 registered no proximity <300 m. In the next sample, on 27-29 April, 65 of 66 sequential fixes of the pair were so tightly together that most were superimposed, with 63 locations <50 m apart while they traveled together for 16.4 km. In the following weekly sample (5-7 May) the pair did not meet ( Figure 5 .4). Calculated back from her 1 July parturition, 27-29 April corresponds to a 65 day gestation (Rodden et al., 2004) . During this estrus, F3-M5 had slow and reduced movements, averaging only 145 m/h for the 72 hour sample, compared to an average of 432 m/h for F3 over all 41 weekly samples of the same data set. During estrus, the pair stayed near the South Range border, where there was another adult male.
On days 12-28 of pregnancy (11-27 May), F3-M5 traveled together continuously during large parts of three samples ( Figure 5 .4), logging bouts of 12, 4, 15, 2, 19, 5, and 33 sequential hours together; for 42% of the total sampling time (including three samples truncated by GPS shutoff). This chummy behavior abruptly ceased in June, when the pair was recorded together only thrice, but interestingly, two of these were in the 48 hours prior to parturition, when they met for bouts of three and two hours. They registered no other proximity through 13 July, at GPS failure for F3.
The , when the pair were <100 m apart for 75% of 85 fixes and <300 m apart for 100% of simultaneous locations. Shortly after this, there was a gap of a week when they did not meet, but four weeks later, there was another period of extended meetings (Figure 5.4A ). This partially mirrors the pattern during estrus and pregnancy in the following year, when there was a week of extended proximity two to four weeks after estrus (Figure 5 .4B). 
MaTernal behavior
Two parturitions of F3 were recorded by GPS telemetry, in July 2006 and July 2008. The first was signaled by a striking change to a den-centered behavior on the last day of a weekly 72 hour sample. On 1 July, F3 traveled 2.87 km to the pup den between 0500 and 0700 hours, after a normal night of travel (9.9 km) that included a rest at 0200-0300 hours (Figure 5.7) . She then was present at the den at all hourly fixes for 15 hours, until GPS sampling ended at 2300 hours ( Figure 5 .7A). For 2 days prior to parturition she had no locations near that den site. During the following sample (6-8 July, pups 5-7 days old), her movements were characterized by 11 to 12 hour absences from the den, followed by abrupt return after long movements; then uninterrupted 10 to 14 hour stays at the den (Figure 5 .7B). Only once, at 2200 hours on 7 July, did she return for a short visit to the den during her night's activity. The second parturition was quite similar: there was no evidence of a birth 23-26 July, but birth had evidently occurred by 1300 hours on 30 July, when the next GPS sample began. She may have given birth on that day, as she stayed in the den until after 2100 hours. As before, F3 spent the day at the den and left it at night, but in contrast to 2006, she returned to the pups once or twice during the night on six nights (Figure 5.8) .
We have no data on litter sizes at birth, and none on maternal behavior beyond 16 days postpartum, but F3 was still abundantly lactating on 4 September 2006, two months after parturition. We saw pups of only three months old or older, with a maximum number of three.
paTernal behavior
The male M5 registered no approach to either the pup den or to F3 during the three samples from birth of the young, to 15 days postpartum, when the GPS collar on F3 failed and we could no longer be certain of their location (Figure 5.9) . However, at 4-6 weeks postpartum (August-September), M5 showed repeated, daily returns to a focal point near to the pupping den. If, as we think, M5 was then visiting the pups daily, they had moved about 150 m.
In contrast to the behavior of M5 after parturition, M8, newly resident with F3 in 2008, often visited the area of the pups in the days following birth (about 30 July). On each of 30 and 31 July, he came to the pup den at 2200 hours and on the next night at 0500 hours. F3 was absent at the first visit and present at the following two. In the next sample (6-9 August), he spent the whole day of 8 August 360 m from the pup den, and at 1700 hours approached to 160 m, where he stayed two hours. During the final sample (13-16 August), M8 rested 1 day at 760 m from the pups but was recorded no closer.
When we followed M2 by on-foot vHF tracking in March 2002, he showed strongly point-centered activity, a radical change of movement pattern that we ascribed to attendance on pups. He made long, direct travels to return repeatedly to the same site and spent the day there. He had frequent vocal interactions with an unmarked maned wolf in his territory. When one of us (LHE) went in to find M2 by day, she heard a low growl before the signal moved away. Nothing was visible in the dense, chest-high grass, and LHE left so as not to disturb pups. This was the only time a free maned wolf growled at our approach. The same month, tracks of small pups were seen with those of an adult.
dispersal oF younG
Of the six young captured in the study area, we know the lifetime fates of just two: females F3 and F9, who remained on their parental territories and inherited them at the deaths of their mothers. They stayed on those territories for their whole lives. In September 05, subadult female his littermate brother disappeared from the natal territory between February and May 2003, at 12-18 months old. Another litter was born on that territory in about March, and the brothers had gone by June, presumably emigrating. Male M10, presumed from the first litter of F3-M5 (vHF collar, October 2006), was captured 2.5 km outside the parental territory at about 18 months old. He returned to the North Range, where he was located in December 2006 near the PM water hole. Aircraft search failed to locate him in February 2007, so he had apparently emigrated at 20-22 months old. No young males were recorded again after they had left the area, but one 2.5-year-old female (F13) may have returned from a neighboring estancia after death of a resident female (see Postscript).
dISCuSSIOn soCial orGanizaTion
As reported by other authors, MW at Los Fierros are socially monogamous, with pairs co-occupying territories in long-term relationships (Dietz, 1984; Rodden et al., 2004) . However, pairs were not always lifelong, as we recorded males switching to pair with other females, in one case after the pair had been together for four years and produced multiple litters. We found variable amounts of association between maned wolf pairs and group members. Some appeared "solitary" as earlier reported (Dietz, 1984; Melo et al., 2007; Rodden et al., 2004) : "The maned wolves of the Serra da Canastra led predominantly solitary existences. Wolves were never observed resting together, and they rarely traveled or hunted together" (Dietz, 1984:16) . In contrast, we sometimes recorded more cohesive behavior, as reported by Melo et al. (2006) with a GPS-collared pair and subadult female: "During the night . . . the three individuals avoided contact with each other. However, during the day, the adult pair usually slept together and their juvenile slept within a few hundred meters of their location." (Melo et al., 2007:1) . Unlike either Dietz (1984) or Melo et al. (2007), we recorded frequent nocturnal meetings between maned wolf family members when juveniles were present and when we followed them on foot with vHF. One GPS-collared pair without young also initially showed strongly cohesive behavior (F3-M5), but they greatly decreased their encounter rates between their first year together and the following years. We believe that many brief meetings are unrecorded when GPS locations are at hourly or greater intervals, thus leading to underestimation of intrapair sociality. The two-hourly interfix intervals used by Melo et al. (2007) may have failed to capture some nocturnal encounters between active MW.
During pregnancy, F3-M5 had episodes of prolonged proximity (Figure 5 .4B). These may correspond to the large progesterone peaks recorded at about 5-7 days and 35-40 days postestrus, or to the sharp peak of estrogen at 20-30 days (velloso et al., 1998) . High female hormone levels perhaps trigger attraction between the pair. Unlike the pair followed by Melo et al. (2007) , it was exceedingly rare for F3-M5, or any other pairs, to rest together by day (except during estrus), but exceptionally, during midpregnancy, the pair rested together on a third of days. Melo et al. (2007) began their study during a female's pregnancy, which perhaps contributed to their finding that a pair "slept together."
If the close association of F3-M5 when first paired ( Figure 5 .4A) was partly due to proestrus, estrus, and pregnancy, three months seems, nonetheless, far too long for reproduction to explain the whole duration of cohesiveness ( Figure 5.4) . As a new pair with a nulliparous female, perhaps close proximity was a male strategy to advance estrus though hormonal stimulation (DeMatteo et al., 2006) . However, between 2004 and subsequent years, there was also a dramatic change in the prey resources and diet of MW in the study area (Chapter 4). Another hypothesis for the unusual level of close cohesiveness in [2003] [2004] is that this pair hunted cavies (Cavia aperea) cooperatively. White-toothed cavies do not burrow but shelter in tunnels under dense bunch grasses. Maned wolves could flush them or drive them toward each other, a tactic also perhaps possible with armadillos, which are large enough prey to share. Cavies sharply declined after 2004, then disappeared to zero in the diet after 2006, while armadillos did not appear after 2005 (Chapter 4; Emmons, 2009). Any cooperative hunting for these prey thus would have ceased. That either male or female could initiate contact (change its trajectory to join the other) may support this hypothesis, but unfortunately, we never saw the pair when they traveled together. The hypotheses are not mutually exclusive. Pair cohesiveness thus varied between pairs, years, and reproductive condition.
parenTal behavior
Maned wolf pairs cooperate to provision young (Bestelmeyer et al., 1996; Melo et al., 2009; Rasmussen and Tilson, 1984) . Our brief data sets indicated that in one case the male did not interact at all with the newborn litter or their mother, but when the young were about a month old, he showed repeated, regular return to a focal area near the birth den, consistent with provisioning. In captivity, provisioning by regurgitation begins as nursing bouts decline at four weeks of age (Rodden et al., 2004) , which matches our interpretation that M5 began to visit pups several weeks postpartum. In contrast, M8 (who had previously raised young successfully) started short visits in the week of parturition, and the second week twice rested by day near the pup den. After both births, the female spent most of each night away from the pups and all day with them. Melo et al. (2009) directly observed a pair attending a den with one pup. The male attended the mother and pup and provisioned the female, but he rarely visited when she was absent (Melo et al., 2009) . Their observations (1700-0600 hours) showed both the female and male to spend a great many more nighttime hours at the den than we recorded (71% and 31%, respectively). These MW were fed daily with meat at a hotel, and the authors note that this might have both reduced the need to forage and accounted for the pattern of visits (return to pups immediately following feeding; Melo et al., 2009) .
On the basis of the mother's behavior, the 2008 litter died at about 18 days of age. The male M8 had been with F3 on the territory for less than three months (M5 was there earlier). The possibility that the young were not fathered by M8 and that he killed them seems unlikely. He visited the pup den when the female was absent on the first day we recorded lactation, and he did not kill them then but continued to visit. Moreover, his visits declined the week before they died.
voCal CoMMuniCaTion
The only quantitative report of maned wolf calling behavior in situ is that of Dietz (1984) , who heard maned wolf roar-barking 46 times during his two year study, with maximal calls (eight bouts) in August and zero to one bouts in March-May. Dietz' study wolves did not successfully raise young, but one litter was lost. We noted much higher levels of vocal interaction between group members than did Dietz (1984) . Our data on roar-barking highlights calling as an intragroup activity that is most frequent when young are present and probably serves for within-group communication across the great distances of the home range. Countercallers sometimes converged, as if calls were used for finding group members. The rarity of calling when no young were on the territory, as noted both by ourselves and by Dietz (1984) , suggests that calling is not primarily a between-group spacing signal associated with territorial behavior (Brady, 1981) , although we do not rule out a territorial function. The most intense calling that we noted, involving three-to four-month-old pups and two or three adults may have been triggered by anxious, newly weaned pups beginning to forage alone, countercalling with their parents, sibs, and the female helper.
dispersal oF younG
We recorded only females to be philopatric, and we documented three cases of a single female young present beyond the birth of the next litter. In one, the young female (F7) was replaced the following year by another young female (F9); and in the other two (F3, F9), she acquired the maternal territory on the death/disappearance of her mother over a year later. There was a probable fourth case (2001), when an "extra" unmarked animal was seen and photographed several times near pups, but was gone and "replaced" by F3 the following year. Melo et al. (2007) likewise documented with GPS telemetry the presence of a young female with an adult pair and their litter. Their data suggest that the young female was a "helper" that guarded and/or provisioned the pups (Melo et al., 2007) . It now seems certain that, as in all other large Canidae and many small ones (Macdonald et al., 2004a) , young of MW can stay in the parental group beyond the birth of the next litter and likely assist in the care of younger siblings. Three male young dispersed from the study area at the estimated ages of 15-22 months old, but there is much ambiguity in birth dates. Another, present at 6 months, was likewise gone by 18 months.
The rare data so far point to helpers being female, being restricted to one, being common, but not obligatory, and sometimes remaining for only about two years. With small litter sizes (one to three), yearling female helpers may not always be available, and perhaps females stay on the natal range only until replaced by another yearling female. If so, it would be interesting to know the mechanism by which this occurs (does a mother drive out her older daughter when she has another? Does a daughter evaluate the chances of her mother's survival, and stay, or leave?). A helper may directly benefit a reproductive pair and her own inclusive fitness by increasing pup survivorship, and a mother could favor the survival of her matriline by allowing one daughter to remain, who if she dies, immediately acquires a full territory and optimal potential for reproduction.
The little available data suggest that MW are not longlived, with a mean survival rate for all age groups of about 0.64 per year (Sollmann et al., 2009 ), but highly variable by year from 0.97 to 0.28 (Sollmann et al., 2010) . In our study area, tooth wear, tooth loss, and tooth infections start to affect most individuals by the time they are about five (Chapter 6). All known mortality on our study area was "natural," and most occurred in the late wet season (January-April). Because the yearly probability of death is quite high, it could benefit a youngster to remain on the natal territory at least past the season of most likely liberation of territories by deaths of parents or neighbors.
The inheritance of territories by females, with males switching territories while females remained, and females apparently the helper sex, suggest that female MW are the socially dominant sex and the primary "owners" of territories. This was supported by our observation of F3 displaying dominance over a prone, belly-up, M5. Likewise, as a yearling, F3 was strong smelling and aggressive when trapped and initiated many calling bouts. As a youngster with a small home range, she marched prominently up and down the road depositing scats, as if participating in territorial behaviors. In contrast, young male M4 was odorless (to us) and whined like a pup when trapped, initiated half as many calling bouts, and kept more hidden from sight in the grass. Maned wolf males are only slightly larger than females (Dietz, 1984; Jácomo et al., 2009) , with inconspicuous genitalia. The sexes were to us generally indistinguishable by sight or in lateral photographs (Frontispiece, Figure 8 .1). The visual similarity between male and female MW may be a correlate of female dominance (or absence of male dominance), as it is in some other mammals (e.g., hyenas: Mills, 1989).
We lack a telemetry record of the intriguing switch of males after the death of F11, when neighboring M5 moved into the South Range territory to pair with F9, and M8 joined F3 on North Range (Figure 5 .1). This double move obviously prevented incest between F9 and M8, but there are unanswered questions: Did nulliparous F9 drive out M8 and seduce M5 into her territory? Or did M8 leave voluntarily and displace M5? Or did M5 seek a younger female, abandon F3, and force out M8? The missing details are key to understanding the social dynamics of the species. When F9 in turn died, M5 disappeared, but we do not know if he died or emigrated or (his collar had expired). Dietz (1984:15) observed a parallel case: two months after death of the female of a pair, a new young female moved into her territory, and a month later, the male of the previous pair, who had not associated with the new female, moved outside of it and disappeared, just as a new young male took over the territory with the new female. This sequence closely matches behaviors we observed: (1) after the death of a female, the male left the territory and did not pair with the replacement female; (2) a new male joined the replacement female after she had established as resident on a territory. As we recorded three (possibly four) times, a male moved in to join a female on her territory, not the reverse.
reproduCTive season
The two known birth dates of litters on our study area were in July, as were two others based on estimated ages of observed pups (Table 5 .7). Our data present an enigma regarding other birth dates. In September and October we caught immature females of 17-18 kg, with body measurements below adult size. At least one of these youngsters had grown in length by the following year. Captive bred MW reach full weight (26 kg) at 10.5 months (M. Rodden, pers. comm.). Backdating their birth dates from their weights at capture (see Materials and Methods) yields births in about February, as it does for some other youngsters of 21 kg. This presents two possibilities: (1) young really were born in January-March or (2) they were born the previous year and were not fully grown at 12-14 months old. In one case (young F12), the mother (F3) was known to have given birth the previous 1 July, and she was still lactating in September. If F12 was of that July litter, she would have weighed only 18 kg at 15.5 months old and been incomplete in body measurements. Otherwise, the mother gave birth twice in the same year, once on 1 July, and again in the following February-March. There is some evidence that F3 also gave birth to her first litter in around January-February 2005 (estrus in November, presence of M10 of the right age; see above) and that the final litter of M2 was born February-March, as tracks were seen in March and pups were seen in May. In Emas Park in Brazil, gestation is reported from April to August, and births from June to August (vynne, 2010) , consistent with some of our results. Dietz (1984) reported the birth months of 21 litters, from local interviews in Serra da Canastra. Maximum births also occurred from July to September (three to five litters each), but two were reported in February, one each in March and May, and two in April. vynne (2010) shows a small uptick in December maned wolf fecal progestin levels in Emas Park, which could signal early estrus in a few females.
MW are believed to enter estrus just once per year (Asa, 1997 , Rodden et al., 2004 velloso et al., 1998) , but two South American Canidae, including bush dogs (Speothos venaticus; the nearest living relative of MW) and crab-eating foxes (Cerdocyon thous), are polyestrous or can even have two litters a year (C. thous; DeMatteo et al., 2006) . We lack data to prove that a February-March birth can follow a July birth by less than 8 months, but some evidence implies it to be so, and long-term in situ data are needed.
After inheriting a territory and acquiring a mate, F9 died at three years old, (12.5 months after her mother), without indication of ever giving birth. The riskiness of maned wolf life could foster seasonally early breeding to result in February-March litters in nulliparous females or if an earlier litter is lost. velloso et al. (1998) suggested that estrus in MW is triggered by photoperiod, because Northern Hemisphere ex situ MW breed in autumn, six months displaced from the autumn reproduction of Southern Hemisphere females. This idea merits another look as young were born at Los Fierros over at least half the year. Does July parturition benefit MW? Both forest and savanna rodents and marsupials in NKP have fairly synchronized reproductive peaks in the first week in September, before which few juveniles can be trapped. Reproduction subsequently continues for several generations, so that high small mammal numbers coincide with the early rainy season (November-December; L. Emmons, unpublished). The dominant fruit in the diet, Alibertia edulis, is found in scats from July to February (Chapter 4, Figure  4 .2). Pups can start to accompany parents to hunt at seven weeks but are provisioned by regurgitation for up to seven months (event timing reviewed in Rodden et al. [2004] ). July births thus result in maximal resource availability at weaning (three months old) and maximal yearly abundance of prey and fruit when postweaning pups begin foraging. Pregnancy and lactation occur when food resources may be more limited, with possible prejudice to maternal body condition. Maned wolves have short lives and few young. With adult survivorship that can be as low as 0.28 per year (Sollmann et al., 2010) , a female should favor survival of her current young over that of her possible future young: that is, the birth month favors survivorship of the young somewhat more than that of the mother. An influential factor might be that as February-July are months of lowest yearly maximum temperatures (Figure 1.8 ), in these months increased hours below 30°C (the temperature limit of maned wolf activity, Chapter 2) are available for foraging to compensate for low resource levels, but we do not know if this occurs. Likewise, water is abundant throughout the Cerrado during these months (Chapters 2 and 3), so little energy is expended to acquire it.
To conclude, we have raised more questions than were answered in this chapter. Every aspect of maned wolf social interaction and reproductive biology that we describe needs confirmation with a great many more in situ studies, especially the kind of longitudinal research that has provided understanding of the socioecology of gray wolves, African wild dogs, Ethiopian wolves, coyotes, and jackals (MacDonald and Sillero-Zubiri, 2004) . Even when Canidae can be directly observed and followed throughout their activities, it has taken decades to chronicle sufficient life histories to understand the sociobiology of a species. It will be a daunting task to acquire such knowledge for MW.
posTsCripT After writing this chapter we continued our work Los Fierros. F9 had died in April 2009, and her mate M5 had disappeared by July, when F3 and M8 were still the pair of the North Range territory. On 19 August 2009 we photographed a new young female (F13) in F9's old territory, but we could not trap her. The largest fire in over 25 years burned nearly all of the savanna in October 2009. When J. M. Castro returned briefly in November 2009, he could find no tracks or signs of MW nor any signal from M8 who had carried the only functioning collar. We recorded no further trace of F3, M8, or M5. We captured F13, now primaparous (pregnant) in September 2010 during the most severe drought of recent memory. She then occupied both North and South Ranges, and there was evidence of but one other maned wolf on the savanna. In September 2011, an even more severe drought year, we captured F13 and recovered 52 weeks of GPS data, and we captured and collared her mate, M14. These were the only individuals in the study area, and they used the whole savanna. At least eight MW, including pups, had been present in 2008. Because nulliparous F13 had replaced F9 by August 2009 (with no evidence of a mate), and she became primaparous only in September 2010, this represents a fourth case on our study area of a female first acquiring a territory, subsequently to be joined by a male. Photographs suggest that F13 was sibling to F12 and one of a litter of three weaned by F3-M5 in 2007. If so, three generations of a matriline have sequentially inherited the Los Fierros savanna, but no males of the family persist there. Genetic support for these relationships is pending.
